bodies. A photodiode measures the amplitude of the wing strokes, and the fly's attempts to turn in one direction or another are proportional to the difference between the two wingbeat amplitudes. The authors first confirmed that flies readily steer away from a focus of expansion, but then they go on to show that flies will steer towards the focus of expansion if the velocity of expanding motion is sufficiently low. Both of these stimuli were presented passively to the fly, but what happens when the fly is allowed to choose the stimulus in front of her? To test this, they turned the flight arena from a passive 'movie screen' into an active 'video game' by coupling the steering signal from the fly's wings to the position of the focus of expansion on the screen, effectively letting the fly decide whether it wanted to either fly towards the focus of expansion by keeping it in front, or avoid that signal and instead fly towards the focus of contraction. In this scenario, flies do indeed fixate the focus of expansion if the velocity of continuous expansion is low, as would be encountered by flying through a distant landscape; however, they rapidly switch from focus of expansion fixation to focus of expansion avoidance if the effective expansion velocity is suddenly increased, as would be encountered by a nearby looming wall.
How does the fly's brain determine whether to fly towards or away from the focus of expansion? Does this behavioral switch require some high-level brain function of the variety seen in primates [7] , or can a simpler calculation explain the behavior? Reiser and Dickinson present some computer simulations revealing that a classical model of motion detection, proposed decades ago by Hassenstein and Reichardt [8] and known as the elementary motion detector, is adequate to explain the fly's behavior in tethered and free flight. The proposed control circuit is impressive in its simplicity. The elementary motion detector model is truly 'elementary' in that it computes visual motion by using only two light sensors, delaying the signal of one, then multiplying the two signals. The model thus provides the strongest output when light moves from the delayed to the undelayed sensor. A downstream collating cell would pool the inputs from the many elementary motion detector modules and report the direction of movement over a large visual field. The velocity range that the unit can detect is determined by highpass and lowpass filters, neural computations that are performed on the output of the two sensors.
What is powerful about Reiser and Dickinson's [1] results is that the response of the elementary motion detector model, combined with a simple threshold above which the attraction response switches to an avoidance response, can predict the behavior of flies in free flight without requiring the fly brain to calculate parameters such as the distance to the wall, the time to collision, or even the velocity of the visual expansion. Freely-behaving flies generally avoid flying close to the walls of an arena [9] , and an elementary motion detector model with an appropriate lowpass filter and a simple threshold will result in the same behavior, in which the fly turns to avoid the visual expansion once the output of the elementary motion detector model exceeds a particular threshold. The mechanism by which this threshold is set, how and where it is implemented by the brain, and whether or not it is innately fixed or plastic are important open questions.
This new paper [1] completes a triptych of research projects in which three conditions that would very reasonably be encountered during normal forward flight -a gentle headwind, a salient object in the frontal field of view, or relatively slow expansion velocity -are each found to be sufficient to override the powerful expansion avoidance reflex, and instead stabilize flight into an expanding flow field. Reiser and Dickinson [1] show that the simplest known motion detection model, requiring very few processing steps and minimal computational resources, can be used to balance the fly's behavior so that it can progress safely through the world, while at the same time dodging your swatter. [2] [3] [4] . Thus, some other pre-constriction factor may act before Drp1/Dnm1p assembly. Recent findings from Korobova et al. [5] now raise the very interesting possibility that the endoplasmic reticulum (ER) and actin assemble into a force-generating element that works in conjunction with Drp1 to drive mitochondrial fission.
Organelles are discrete subcellular compartments in which unique environments are created for specific biochemical functions. At the same time, organelles are not autonomous: they interact physically and functionally with one another. Interaction of mitochondria with ER is critical for phospholipid biosynthesis, calcium homeostasis and anchorage of mitochondria at specific sites within cells [6] [7] [8] . Indeed, Mfn2, a protein that mediates the interaction of mitochondria with ER as well as mitochondrial fusion, is a target for mutation in Charcot-Marie-Tooth disease type IIa, a peripheral neuropathy [9] .
Previous studies point to a role for mitochondria-ER interactions in mitochondrial fission [10] . Specifically, electron tomography studies revealed that ER encircles mitochondria at sites where mitochondria are constricted and are associated with fission proteins (Drp1, its yeast orthologue Dnm1p, and Mff, a mitochondrial fission factor). Importantly, early constriction of mitochondria at sites of ER contact does not require Mff or Drp1. These observations support the idea that ER interacts with mitochondria at sites where mitochondria undergo early constriction events, and that Drp1/Dnm1p is recruited to those sites, where it mediates further constriction of the organelle.
Other studies support a role for actin in mitochondrial constriction. Specifically, treatment of mammalian cells with agents that inhibit mitochondrial electron transport or ATP production results in Drp1-dependent fragmentation of the organelle. Furthermore, disruption of actin inhibits recruitment of Drp1 to mitochondria and attenuates inhibitor-induced mitochondrial fission [11] . These findings support the model that Drp1 serves as a metabolic sensor that alters mitochondrial morphology in response to changes in the oxidative phosphorylation activity of the organelle. They also support a role for the actin cytoskeleton in this process, in part by recruitment of Drp1 to the organelle. However, the mechanism underlying actin function in mitochondrial fission was not well understood.
The new work from the Higgs laboratory now reports evidence for a direct role for actin and a formin protein in mitochondrial fission [5] . Formins are conserved proteins that regulate the dynamics of actin and microtubule cytoskeletons [12] . INF2 is an 'inverted' formin: its formin homology domains (FH1 and FH2) are closer to the amino terminus of the protein compared with other formins. This inverted formin stimulates actin nucleation and elongation of F-actin, like other formins. In addition, it stimulates F-actin depolymerization at filament pointed ends. There are two INF2 isoforms in mammalian cells: one is bound to ER through its CAAX box and regulates ER morphology [13] ; the other lacks a CAAX box and is found in cytosolic actin meshworks but also stabilizes the Golgi apparatus [14] .
Korobova et al. [5] find that actin localizes to sites of ER-mitochondria interaction in mammalian cell lines. Moreover, they obtained evidence that INF2 stimulates actin polymerization at sites of mitochondrial fission, and that this actin polymerization is required for recruitment of Drp1 to those sites. Specifically, they find that silencing of the ER-associated INF2 results in elongation of mitochondria and defects in both assembly of Drp1p into punctate structures and association of Drp1 with mitochondria. Consistent with this, they show that overexpression of constitutively active ER-associated INF2 has the opposite effect, resulting in mitochondrial fragmentation that is dependent upon Drp1p and the actin polymerization activity of INF2.
These data support a model for ER, actin and formin function in mitochondrial fission (Figure 1 ). According to this model, ER and its associated INF2 encircle mitochondria at sites of mitochondrial fission. INF2 then stimulates actin polymerization at that site. Actin can generate forces by different mechanisms, including myosin-mediated filament sliding and polymerization-driven pushing forces. Therefore, it is likely that actin provides the force for constriction of mitochondria to a diameter that is compatible with the size of the Drp1p cylinder. This then allows for the assembly of Drp1 into spirals and cylinders at that site and a second round of constriction that ultimately leads to mitochondrial fission.
This study reveals a novel mitochondrial-cytoskeletal interaction, an ER-and formin-dependent mechanism for establishing that interaction, and a foundation for understanding how this interaction affects mitochondrial dynamics. It also raises questions regarding the precise function of actin in mitochondrial fission. Does actin serve as a scaffold or force generator that allows ER to encircle mitochondria? Alternatively, is actin required for generating forces for constriction of mitochondria? Indeed, these models are not mutually exclusive. [12] . However, Bni1p is found in the cytosol, and could, like INF2, stimulate actin polymerization at sites of ER-mitochondrial contact [15] . Other studies revealed a protein complex (mitochore/ERMES) that is required for association of mitochondria with the actin cytoskeleton and for mitochondrial morphology and motility [16] . Interestingly, this complex also mediates the association of mitochondria with ER [17] . Thus, it is possible that mitochore/ERMES maintains actin at sites of mitochondria-ER interactions, which in turn contributes to mitochondrial fission through effects on mitochondrial constriction and recruitment of dynamin-related proteins to those sites.
Future studies that address these fundamental questions will provide a foundation for understanding the interaction of mitochondria with ER and the actin cytoskeleton, mechanisms that underlie and regulate fission of the organelle, and forces that control mitochondrial plasticity. INF2 is a target for mutation in a degenerative kidney disease (focal and segmental glomerulosclerosis) and a peripheral neuropathy (Charcot-Marie-Tooth disease). Therefore, these studies will also extend our understanding of the role of mitochondrial fission in human disease.
